SUMMARY Quantitative macroradiographic examination of a group of early to moderately advanced rheumatoid patients showed the wrist and hand to have an average of 75 (SD 26) erosions out of 142 possible sites. Joint involvement was greatest in the wrist followed by the metacarpophalangeal (MCP), proximal interphalangeal (PIP), and distal interphalangeal (DIP) joints respectively. In the wrist erosion distribution was concentrated in the radiocarpal and medial carpometacarpal complex, in the hand it tended to be located at the second and third MCP and third PIP joints. No difference was observed in erosion number and area between the right and left extremities. The distribution of the lesions is discussed in relation to the intraarticular pressures on normal hand function. The similarity of erosion development, across the joints at the different regions of the hand, suggests the presence of factors other than mechanical pressure. In general, erosions were widespread, and the largest erosions occurred in the larger bones of the wrist and hand.
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The large magnification and high spatial resolution characteristic of microfocal radiography' has led to the earlier identification of the site of erosion onset and development, together with the direct measurement of their number and size in the wrist and hand of rheumatoid patients.>4 Our recent paper described the accuracy of measurements taken and showed that the change in size of x ray features due to the disease, during the period of study, was markedly greater than that attributable to errors of measurement.5 This communication is the first of a series presenting the results of the quantitative evaluation of radiographic progression in a group of patients with early to moderately advanced rheumatoid arthritis (RA).
Based on the data collected from the first x ray visit of each patient in the study, this paper describes the distribution of erosions in terms of their average incidence and area in the various regions of the wrist and hand, and gives an account of their occurrence at each of the separate bones. (Fig. 1) . In the 463
Buckland-Wright, Walker r~~-metacarpophalangeal (MCP), proximal interphalangeal (PIP), and distal interphalangeal (DIP) joints the bones were subdivided on the basis of erosions occurring at the juxta-articular and juxtaligamentous sites on both the lateral and medial surfaces of the bone in digits 2-5 ( Fig. 1) . From the radiographs of the first visit the data on the number and area of erosions at each of the 142 sites in both the right and left extremities of all patients were recorded. The data, initially recorded on microcomputer discs, were transferred to the university mainframe and concatenated into one large data file. A standard format was used in this file for each patient/hand/visit record, enabling comparison of data both within and between patients. The analysis was carried out with the SPSS-X statistics package6 and some specially written Fortran programs.
The mean number of erosions, the mean total erosive area, and their standard deviation were calculated over the whole patient group. The joints in the extremity were grouped into four regions: the wrist, MCP, PIP, and DIP joints. The mean number of erosions, the mean total erosive area, and the standard deviation were calculated for each of these regions. The data were then grouped for right and left sides and the statistics described above were repeated. The non-parametric sign test and Wilcoxon signed ranks test were applied to test the hypotheses that there was no difference in the distribution of the number or area of erosions between the two extremities. To test the strength of linear association between the two hands the correlation coefficient was calculated for total erosion number and area. The data were grouped by dominant and non-dominant wrist and hand, and the sign test and Wilcoxon signed ranks test were used to test for any difference in the size and number of erosions between these two groups. Finally, the average erosion frequency and size was calculated for each of the 39 bones comprising the joints of the wrist and hand.
Results
The mean number of erosions, the mean total erosive area, and their standard deviations are given in Table 1 for the whole patient group, the left and right hand groups, and the separate regions of the wrist and hand. The extent of erosion development was greatest in the wrist, where erosion number contributed 40%, and erosion area 56% of the totals for the whole extremity. The MCP and PIP joints had similar erosion incidence, with approximately half of the number of erosions occurring in the wrist. 
Few erosions were found in the DIP joints. The mean erosion area decreased markedly from the MCP joints (21% of total) to the PIP and DIP joints (14% and 8% of the total).
No statistical difference in the mean erosion number or area could be shown between the right and left extremities. Neither the sign test nor the Wilcoxon signed ranks test rejected the hypotheses at accepted significance levels. The correlation coefficient for the total erosion number between the right and left hands was 0-911 and for the erosion area was 0947. The sign and Wilcoxon signed ranks tests did not reject the hypothesis of no difference in the number and size of erosions between the dominant and non-dominant hands.
The frequency of erosion formation and the mean total erosive area for each of the bones comprising the joints of the wrist and hand are presented in Fig. 2 . In the wrist the largest number of erosions occurred in the scaphoid and the hamate, followed by the radius, ulna, capitate, and lunate. Significant numbers of erosions occurred also in the triquetral and the base of the fourth and fifth metacarpals. The largest size erosions were recorded in the radius, then in the ulna, scaphoid, and capitate with erosions of approximately similar dimensions, followed by those in the hamate, lunate, and triquetral. Erosion area in the remaining sites, including the base of the metacarpals, was smaller. The MCP joints showed little difference in erosion number between the joints, though the incidence in the fifth MCP joint was a little lower. The lesions were slightly larger at the distal ends of the second and third metacarpals. Erosion development in the PIP and DIP joints was similar across the joints, but a slight increase was noticeable in the third PIP joint and in the distal end of the proximal bone of most of the PIP and DIP joints.
Discussion
The macroradiographic appearance of erosions in these rheumatoid patients agrees with Resnick and Niwayama's account of lesions based on their detailed radiopathological examination of postmortem material. The lesions comprised small areas of radiolucency which appeared beneath the subperiosteal or subchondral bone leading to the thinning of the plate with focal discontinuity or gaps. The endosteal margin was defined by the greater radiodensity of the trabeculae bordering the lesion. The edges of an erosion thus outlined were used in the measurement of its size.
Within the limitations of standard radiographs3 Joint involvement has been described as being greatest in the MCP and PIP regions,7 and others state that the most commonly involved joints are the MCP, followed by the PIP and the wrist, with few erosions in the DIP joints.9 I ( I 14 Table 1 shows that on average twice as many erosions were recorded in the wrist than in the MCP and PIP joints, and almost three times as many in the wrist than in the DIP joints. The distribution of the average erosion area generally confirmed that of erosion number. The greater erosion incidence in the wrist was probably due to the clarity of this region in macroradiographs compared with that recorded in standard radiographs.3 The larger number of articular surfaces, together with the larger size of the bones in the wrist, could account for the average erosion area being three times greater than in the various regions of the hand.
In the hand the MCP and PIP joints showed similar involvement in terms of erosion number, though they were a much larger size in the MCP joints. The extent of erosion incidence in the DIP joints contradicts the traditional view that they are normally spared in RA and supports the reports of their involvement.13 15 16 Earlier description of the incidence of erosions in the wrist has shown that the ulna, radius, scaphoid, triquetral, and pisiform are the most severely affected and that the less common erosion sites are the lateral margins of the trapezium, capitate, and the base of the metacarpal bones.7 17 19 We found erosion development in the wrist to be located in two principal regions; proximally in the ulna and radiocarpal joint and distally in the medial carpometacarpal complex. In the former the largest erosions occurred in the radius and scaphoid. Erosion frequency decreased towards the medial aspect of the wrist-namely, the scaphoid, lunate, and triquetral respectively, but in the ulna it remained similar to that of the scaphoid. In the carpometacarpal complex erosion development was greatest in the hamate and capitate, followed to a lesser extent by the base of the fifth, fourth, and third metacarpals respectively. These findings generally corroborated our previous qualitative report of erosion development,4 with the exception of the earlier underestimation of scaphoid involvement. Contrary to earlier findings7 erosion formation was observed to be markedly greater in the hamate and lower in the triquetral and pisiform. Superimposition of these last two bones in the radiographs may well account for the lower figures.
In the hand erosion development was similar across the MCP, PIP, and DIP joints. There was some agreement with previous descriptions9-11 which showed erosions concentrated in the second and third MCPs and the third PIP joints. The larger erosions observed at the distal ends of the metacarpals compared with the proximal phalanges may be attributed to the presence of a greater area of unprotected subsynovial bone adjacent to the articular cartilage. In the DIP joints marginal erosions were generally smaller and less frequent than in the PIPs, the second DIP being least affected.
Studies of hand function have shown that the greatest mechanical forces are exerted in the second and third MCP and third PIP joints,2t producing in rheumatoid patients larger erosions than at other sites. In the wrist the greatest intra-articular pressures occur during radial and ulna deviation (K Backhouse, personal communication). This would account for the predominance in our group of patients of erosions diagonally across the wrist, laterally from the radiocarpal to the medial carpometacarpal group of joints. In the hand the general uniformity of erosion development across the MCP, PIP, and DIP joints and the similarity between the dominant and non-dominant extremities indicate that mechanical factors do not produce as marked a localisation of erosion development as previously described.9-" 2t) Other features could determine their extent, such as the size of the area of unprotected subsynovial bone adjacent to the articular cartilage, as seen in the different erosion area between the proximal and distal elements of the MCP joints. Additionally, there can be erosion formation adjacent to the interosseous ligaments associated with the subsynovial venous network transporting mediators from the inflamed synovium.4
In conclusion, erosions were found to be widespread, supporting recent observations,'6 and in patients with early to moderately advanced disease the largest erosions occurred in the larger bones of the wrist and hand. 
